PURPOSE. Achieving good vision in infants born with a unilateral cataract is believed to require early surgery and consistent occlusion of the fellow eye. This article examines the relationship between adherence to patching and grating acuity.
METHODS. Data came from the Infant Aphakia Treatment Study, a randomized clinical trial of treatment for unilateral congenital cataract. Infants were either left aphakic (n ¼ 53) or had an intraocular lens implanted (n ¼ 55). Patching was prescribed 1 hour per day per month of age until 8 months of age and 50% of waking hours thereafter. Adherence was measured as the mean percentage of prescribed patching reported in a 7-day diary completed 2 months after surgery, and 48-hour recall interviews conducted 3 and 6 months after surgery. Grating visual acuity was measured within 1 month of the infant's first birthday (n ¼ 108) using Teller Acuity Cards by a tester masked to treatment. Nonparametric correlations were used to examine the relationship with grating acuity.
RESULTS.
On average, caregivers reported patching 84.3% (SD ¼ 31.2%) of prescribed time and adherence did not differ by treatment (t ¼ -1.40, df ¼ 106, p ¼ 0.16). Adherence was associated with grating acuity (r Spearman ¼ -0.27, p < 0.01), but more so among pseudophakic (r Spearman ¼ -0.41, p < 0.01) than aphakic infants (r Spearman ¼ -0.10, p ¼ 0.49).
CONCLUSIONS. This study empirically has shown that adherence to patching during the first 6 months after surgery is associated with better grating visual acuity at 12 months of age after treatment for unilateral cataract and that implanting an intraocular lens is not associated with adherence. (Clinical-Trials.gov number, NCT00212134.) (Invest Ophthalmol Vis Sci. 2012;53:3368-3375) DOI:10.1167/iovs. I nfants born with visually significant unilateral congenital cataracts often have poor vision outcomes. Previous reports suggest that achieving a good vision outcome requires early surgical removal of the cataract, consistent optical correction of the aphakia or residual refractive errors, and good adherence to a regimen of occlusion of the fellow eye. [1] [2] [3] [4] [5] Chak and colleagues report that poor adherence to occlusion is the factor most strongly associated with poor visual acuity in children following treatment for unilateral cataract. 6 However, others note that good visual acuity is achievable among infants with good adherence to patching in the first year of life, but lower levels of adherence thereafter. 7 It is likely that good visual acuity depends on adherence to occlusion therapy, but that adherence also depends on visual acuity because patching becomes more difficult in children with poorer visual acuity. 5 The impact of good adherence to occlusion therapy on vision outcome is, therefore, likely to be somewhat difficult to disentangle from the impact of visual acuity on adherence to occlusion.
The Infant Aphakia Treatment Study (IATS) is a multicenter, randomized, controlled clinical trial of treatment for unilateral congenital cataract in infants between 1 and 7 months of age sponsored by the National Eye Institute at the National Institutes of Health. The objective of the study is to compare the vision outcome in children with a unilateral congenital cataract if an intraocular lens (IOL) is implanted at the time of cataract extraction with the vision outcome in children who were left aphakic. 8 Earlier reports from the IATS suggest that at 12 months of age there is wide variation in the vision outcome of children treated for unilateral congenital cataract, but that the treatment choice is not significantly associated with visual acuity. 9 Further, the authors of this article have shown that caregivers generally report good adherence to patching 3 months after surgery, and that adherence to occlusion therapy varies with sociodemographic factors and parenting stress. These authors also noted that adherence to occlusion is not significantly related to treatment modality 3 months after surgery. 10 It is important to understand the role of occlusion therapy in the development of visual acuity in this population. The purpose of this article is to examine the inter-relationships between treatment, adherence to patching within the first 6 months after surgery, and grating visual acuity measured at 12 months of age. The focus was on adherence to occlusion therapy within 6 months of surgery as this was prior to the first objective assessment of visual acuity for nearly all participants and was within the period during which it was anticipated that adherence to patching was least likely to be affected by differences in visual acuity.
METHODS
The IATS is a multi-center, randomized controlled clinical trial comparing IOL to contact lens treatment after cataract surgery performed at 1 to 6 months of age in infants with a unilateral congenital cataract. None of the participants were lost to follow-up during the first 12 months after surgery and all participants had their vision measured at approximately 12 months of age by a tester masked to treatment assignment. The details of the study methodology, the baseline clinical characteristics of the participants, and visual acuity at 12 months of age have been previously published. 8, 9 Written informed consent was obtained from the legal guardians of all participants after they had been told about the study's requirements and possible risks and benefits. All subjects were treated in accordance with the Declaration of Helsinki.
Follow-Up Examinations and Grating Visual Acuity Assessment
Follow-up examinations were performed by an IATS certified investigator at 1 day, 1 week, 1 month, and 3 months after cataract surgery. Subsequent follow-up examinations were obtained at 3-month intervals (6 2 weeks). The investigator performed a standard clinical examination, checking the appropriateness of the optical correction and monitoring for adverse events. All of the participants underwent an examination-under-anesthesia (EUA) 2 to 4 weeks prior to the grating visual acuity assessment. The participants' optical correction was updated between the EUA and the grating acuity assessment.
Monocular grating acuity was measured at approximately 12 months of age (median ¼ 255 days with inter-quartile range ¼ 345 to 366 days) using a pediatric visual acuity test (Teller Acuity Cards; Stereo Optical, Chicago, IL) administered by a traveling examiner who was masked to treatment. Three participants had visual acuity measurements obtained more than 30 days after the first birthday (at days 413, 535, and 568) and none had the visual acuity assessment completed more than 30 days before the first birthday. Vision in the aphakic/ pseudophakic eye was tested first. The standard testing distance was 55 cm measured from the screen to the participants' eyes. Those with poor visual acuity were tested at progressively nearer distances (e.g., 38, 19, 9.5 cm) or using the low vision card to determine the presence or absence of some pattern vision. Evaluations of Light Perception (LP) only or No Light Perception (NLP) vision abilities were performed following standard clinical protocols.
In addition to an ordinal measure of grating acuity, visual acuity was categorized as within normal limits (WNL) or poor. Visual acuity WNL was defined as a measured grating acuity that was within 95% of predictive limits for 12-month-old infants as described by Mayer. 11 
Prescribed Patching
Patching was prescribed for all participants throughout the first year of life. Starting the second week after cataract surgery, caregivers were instructed to have the infant wear an adhesive occlusive patch over the fellow eye 1 hour per day per month of age until the infant was 8 months old. Thereafter, patching was prescribed for half of waking hours either by patching full time every other day or by daily patching one half of the time the infant was awake.
Assessment of Adherence to Patching Regimen
Adherence to the patching regimen was assessed by staff from the centralized Data Coordinating Center (DCC). Two months after surgery, caregivers were mailed a 7-day prospective patching diary. Instructions for completing this diary were provided to the caregiver by staff at a clinic visit 1 month after surgery, and additional written instructions were mailed with the diary. The diary requested specific information about the times the infant was asleep, the times spectacles or contact lenses were worn, and the times that the fellow eye was occluded. Starting 3 months after surgery, a staff member from the DCC completed a 48-hour recall interview every 3 months. This semistructured interview collected the same information as the diary. The interviews were conducted by one of three trained interviewers (one English-speaking, one Spanish-speaking, and one Portuguesespeaking) with the caregiver interviewed by the same person on each occasion. More than 95% of the interviews were conducted in English by a single interviewer.
The current analyses focused on adherence during the first 6 months after surgery. Data collected 9 months after surgery was not included because more than 40% of IATS participants had undergone the visual acuity assessment prior to the 9-month adherence interview. For purposes of these analyses, adherence to prescribed occlusion therapy was defined as the mean percentage of prescribed patching that was reported at the first three adherence assessments: the 7-day diary completed 2 months after surgery, and the telephone interviews completed 3 and 6 months after surgery. Per discussions with the study's Data Safety Monitoring Board, good adherence was defined as reporting at least 75% of prescribed patching. This was summarized over the first 6 months by documenting the frequency of assessments (none, some, or all) at which the caregiver reported achieving good adherence.
Covariates
The impact of a variety of covariates on the observed associations was considered. These covariates were age at surgery (28 to 48 days, 49 days to 3 months or fewer plus 0 days, and 3 months or greater plus 1 day) and the presence of adverse events such as glaucoma, pupillary membrane extending into the visual axis, lens reproliferation, or requirement of additional surgery. 12 These were considered as possible confounders because of the likely associations with both visual acuity and adherence. An additional consideration was the possibility that the availability of private insurance and parenting stress measured at 3 months post-surgery using the Parenting Stress Index 13 might modify the association between adherence and visual acuity because earlier analyses indicated that they were associated with adherence. 10 
Analytic Methods
All analyses were conducted using statistical packages (SAS 9.1; SAS Institute, Inc., Cary, NC) (SPSS 17.0; SPSS, Inc., Chicago, IL). The analyses focused on three questions. The first question was whether or not the type of surgery (absence or presence of IOL implantation) was associated with adherence to patching. Student's t-tests and repeated measures analyses of variance were used to assess whether type of surgery was related to the mean amount of patching, and chi-square tests of independence were used to consider whether the type of surgery was related to the number of assessments on which good patching was reported.
The second question was whether or not the percentage of prescribed patching was associated with grating visual acuity measured at 12 months of age. These analyses were performed using nonparametric tests (Spearman rank correlation coefficients, Wilcoxon rank sum test, and Kruskall-Wallis and Jonckheere-Terpstra tests for ordered alternatives) since the markedly skewed distribution of grating visual acuities for IATS participants precluded parametric analyses. The Jonckheere-Terpstra test was used to examine the hypothesis that infants whose caregivers reported achieving at least 75% of the prescribed patching at all adherence assessments would have better visual acuity than those whose caregivers reported achieving such patching on some of these assessments, and the latter group would have better visual acuity than those whose caregivers never reported achieving this level of adherence. Fischer's z transformation under the null hypothesis was used to calculate 95% confidence intervals for the Spearman's correlation coefficients Logistic regression was used to determine if the number of times a caregiver reported achieving at least 75% of prescribed patching was associated with achieving a visual acuity that was within normal limits after controlling for potentially important confounders (i.e., treatment, age at surgery, and complications).
The third question was whether or not treatment group was associated with visual acuity within groups defined by adherence to prescribed patching and after controlling for adherence and other potential confounders.
RESULTS

Study Population
One-hundred fourteen participants were enrolled in IATS with 57 randomized to each treatment group. As noted in previous publications, one of the 57 participants randomized to receive an IOL was left aphakic because of clinical concerns about implanting an IOL. However, this participant was analyzed as part of the IOL arm. Two participants were excluded who had significant adverse events including retinal detachment that resulted in poor vision outcomes that would be unrelated to patching. One of these participants developed ocular inflam-mation, total hyphema, glaucoma, retinal detachment, and phthisis; the other participant had retinal detachment following retained cortex, inflammation, and endophthalmitis. Both of these participants had been randomized to receive contact lens treatment. Other participants with adverse events and/or complications were left in the sample because the extent to which these events directly impacted visual acuity was not clear. Four additional participants were excluded who had fewer than two measures of adherence (two randomized to IOL and two to CL) obtained prior to the assessment of grating visual acuity at 12 months of age. Thus, for this analysis, the sample included 108 children: 55 randomized to receive an IOL and 53 randomized to remain aphakic ( Fig. 1 ).
Assessment of Adherence
Greater than 80% of participants provided data at each time point (Table 1) . Ninety-eight (90.7%) caregivers returned the 7day diary that was mailed 2 months after surgery. The proportion of caregivers who completed 48-hour interviews at 3 and 6 months after surgery was even higher (n ¼ 106, 98.1% at both 3 and 6 months). However, data were not included from the 6-month adherence interview from 14 caregivers for whom the 6-month adherence interview was conducted after the visual acuity assessment visit at 12 months of age. The proportion completing each assessment did not differ by treatment group.
Overall, caregivers reported achieving the majority of patching that was prescribed by clinicians. On average, caregivers reported patching the infants 84.3% (SD ¼ 31.2%) of prescribed time, but the amount of patching varied widely from a low of 6% to a high of 174%. More than one third of caregivers reported patching the infants at least 75% of the prescribed time on each adherence assessment; while fewer than one in five reported achieving less than 75% of prescribed time on each assessment.
Three quarters of caregivers provided three assessments of adherence within 6 months of cataract extraction. Treatment was not associated with the number of assessments (two or three) available for analysis (v 2 ¼ 0.58, df ¼ 1, p ¼ 0.37), or the frequency (none, some, or all) of assessments on which a caregiver reported patching at least 75% of the prescribed time (v 2 ¼ 1.57 df ¼ 2, p ¼ 0.46. The 27 participants with two assessments had poorer vision than those who completed all three (p ¼ 0.04).
Relationship between Treatment and Adherence
The average percentage of prescribed patching reported by caregivers of participants receiving an IOL was somewhat lower than that reported by caregivers of aphakic infants. However, these differences were not statistically significant using either t-tests (t ¼ -1.410, df ¼ 106, p ¼ 0.16 for the overall mean; t ¼ -0.895, df ¼ 96, p ¼ 0.556 two months after surgery; t ¼ -0.856, df ¼ 104, p ¼ 0.699 three months after surgery; t ¼ -1.701, df ¼ 105, p ¼ 0.76 six months after surgery) or repeated measures ANOVA (F ¼ 2.017, p ¼ 0.159) 3370 Drews-Botsch et al.
( Fig. 2) . The proportion of caregivers who reported patching at least 75% of prescribed time on all, some, or none of the assessments was also similar in the two treatment groups (v 2 ¼ 2.67, df ¼ 2, p ¼ 0.26).
Association between Adherence and logMAR Grating Visual Acuity
Infants whose caregivers reported better adherence to patching within the first year of life tended to have better logMAR grating visual acuity than infants whose caregivers reported less patching. The mean percentage of prescribed patching 2, 3, and 6 months after surgery was significantly correlated with logMAR grating acuity (r Spearman ¼ -0.26, p < 0.01) ( Table 2) , as was adherence reported 2 (r Spearman ¼ -0.23, p ¼ 0.02) and 6 (r Spearman ¼ -0.27, p < 0.01) months after surgery. The association between adherence reported 3 months after surgery and grating visual acuity was not statistically significant (r Spearman ¼ -0.13, p ¼ 0.19) but was in the same direction. The overall association between grating visual acuity and reported adherence within subgroups defined by covariates rarely achieved statistical significance, with the exceptions noted below. In addition, these correlations within subgroups were in the same direction and tended to be similar in magnitude to the overall association between grating visual acuity and reported adherence ( Table 2 ). The association was statistically significant among participants with an adverse event (r Spearman ¼ -0.35) but was not observed among participants who did not experience an adverse event (r Spearman ¼ -0.10). The association varied systematically by age. No association was observed among participants in whom the cataract was removed at the earliest age (r Spearman ¼ -0.03), but there was an association among those who were between 3 and 7 months of age at surgery (r Spearman ¼ -0.26). Participants whose caregivers had a greater number of reports of patching at least 75% of prescribed time were more likely to have a better grating visual acuity than those with fewer such reports (p ¼ 0.08 for Kruskall-Wallis test and p ¼ 0.03 for Jonckheere-Terpstra test) ( Table 3 ). Additionally the odds of achieving a grating acuity within normal limits decreased with decreasing numbers of reports of achieving at least 75% of prescribed patching (Table 4 ). Adjustment for IOL implantation, age at surgery, and presence of adverse events or additional surgeries did not substantially change the observed association between adherence and visual acuity.
Of interest was the observation that the association between adherence and logMAR grating visual acuity was stronger among infants randomized to receive an IOL than among aphakic infants (Fig. 3) . The mean percentage of prescribed patching reported by caregivers of pseudophakic children at 2, 3, and 6 months after surgery was significantly correlated with better grating visual acuity (r Spearman ¼ -0.41, p < 0.01) as was the percentage of prescribed patching reported at each of the three time points (r Spearman ¼ -0.41, p < 0.01; r Spearman ¼ -0.31, p ¼ 0.03; and r Spearman ¼ -0.31, p ¼ 0.03 at 2, 3, and 6 months post-surgery, respectively). None of the correlations between reported adherence and visual acuity were statistically significant among participants randomized to receive a contact lens (r Spearman ¼ -0.03, p ¼ 0.83; r Spearman ¼ 0.01, p ¼ 0.96; r Spearman ¼ 0.12, p ¼ 0.42; and r Spearman ¼ -0.10, p ¼ 0.49 for the mean and at 2, 3, and 6 months postsurgery, respectively). Similarly, among participants who received an IOL, those whose caregiver never reported achieving at least 75% of prescribed patching were 25% as likely to have vision WNL as those whose caregiver always reported achieving this level of adherence; among participants left aphakic, those whose caregivers never reported achieving 75% of prescribed patching were actually somewhat more likely to have a visual acuity WNL than those whose caregivers always achieved this level of patching after controlling for age at surgery, adverse event, and additional surgery. However, this association was not statistically significant.
Relationship between Treatment and logMAR Grating Visual Acuity among Groups Defined by Adherence to Prescribed Patching
The final consideration was whether, given a particular amount of patching, treatment was associated with grating visual acuity ( Table 3 ). Among groups defined by the number of assessments at which caregivers reported at least 75% of prescribed patching, the choice of treatment was not associated with logMAR grating visual acuity at 12 months of age. After adjustment for adherence, age at surgery, adverse events, and additional surgery, receiving an IOL was not associated with having a visual acuity WNL (OR ¼ 1.01, 95% CI ¼ 0.39,2.63). Similarly, after adjusting for age at surgery, adverse events, and additional surgeries, receiving an IOL was not associated with achieving a visual acuity WNL among participants whose caregivers never reported achieving at least 75% of prescribed patching (OR ¼ 0.40, 95% CI ¼ 0.05,3.13), among those whose caregivers sometimes reported achieving at least 75% of prescribed patching (OR ¼ 1.01, 95% CI ¼ 0.23,5.20), and among those whose caregivers always reported achieving at least 75% of prescribed patching (OR ¼ 1.41, 95% CI ¼ 0.25,7.86). 
DISCUSSION
Adherence to occlusion therapy in the first 6 months following cataract extraction was found to be associated with visual acuity in infants treated between 1 and 7 months of age for unilateral congenital cataracts. This was particularly true in pseudophakic participants. These findings are consistent with most 5,6,14 but not all previous assessments of the importance of occlusion therapy to vision rehabilitation in children born with congenital cataracts. The data reported here also suggest that the earlier observation of a lack of difference in visual acuity between aphakic and pseudophakic children 11 at 1 year of age was unlikely to be related to an effect of treatment on adherence to patching, even though the treatment burden associated with contact lenses for aphakic children and spectacles for pseudophakic children is likely to differ.
However, the data reported here suggested that the observed association between grating visual acuity and adherence to patching soon after cataract extraction in infants may not be as strong as those reported in analyses of older children. 1 This may be due in part to the age differences between the sample in this study and the samples assessed in other studies. Caregivers of older children may have an easier time adhering to prescribed patching if the child has better visual acuity or if the inter-ocular difference in visual acuity is minimal. It has yet to be determined whether or not the association between patching and visual acuity in the sample in this study becomes stronger as the IATS children age. Such an observation may support the concept that the relationship between visual acuity and patching is bidirectional.
Adherence to patching is likely also a proxy for adherence to other aspects of treatment, particularly use of refractive correction. In IATS, the two types of treatment represent different treatment burdens for caregivers. This difference in treatment burden is observed empirically since at each of the three time points, most (approximately 50%) of the caregivers of aphakic infants reported that the infant wore contact lenses at least 95% of waking hours and many of the infants wore contact lenses on an extended wear basis. In contrast, among pseudophakic participants, the median percentage of waking hours in which spectacles were worn was near 50%. Further, some pseudophakic infants (n ¼ 10 six-months after surgery) did not require spectacles during the first year of life as their refractive error without spectacles was within the targeted range. Even so, 3 and 6 months after cataract extraction, adherence to patching was associated with spectacle use among pseudophakic participants (r ¼ 0.26, p ¼ 0.06 at 3 months and r ¼ 0.25, p ¼ 0.06 at 6 months of age) and contact lens use among aphakic participants (r ¼ 0.27, p ¼ 0.05 at 3 months and r ¼ 0.40, p < 0.01 at 6 months). Thus, the findings regarding the association between adherence to patching may represent the impact of a combination of adherence both to occlusion and refractive correction rather than adherence to occlusion only.
There are a number of limitations to these analyses that must be considered. First, the IATS was powered to identify an overall difference in grating visual acuity between groups. Thus, there may not have been adequate power to identify, as statistically significant, small differences in adherence between treatment groups or in the impact of adherence on grating visual acuity. This is especially true in some of the subgroup analyses where the sample sizes were small. For example, there was only 40% power to detect, as statistically significant, a difference of 0.2 logMAR in visual acuity between aphakic and pseudophakic children with 20 per group. This was approximately the sample size for the subgroup for whom caregivers always reported achieving at least 75% of prescribed patching. The impact of small sample sizes also affects the size of correlations that we were able to identify. For the overall correlation between adherence and grating acuity, there was adequate power (i.e., >80%) to detect correlations of 0.26. However, within the group randomized to receive an IOL, there was adequate power to detect correlations of only 0.36 or higher. Small sample sizes in subgroup analyses likely explain the variation in observed correlation coefficients by some treatment and demographic factors, as well as the fact that most of these analyses failed to achieve statistical significance within groups defined by characteristics such as age at surgery and adverse events.
Subgroup analyses may also be problematic because although IATS participants were randomized to treatment, there may have been confounding when the population was subdivided. An attempt was made to control for important sources of confounding, such as age at surgery and adverse events, through stratified analyses and use of logistic regression of the bivariate outcome of visual acuity within normal limits, but the numbers were small and the resulting associations imprecise. Techniques to adjust for possible confounders in a continuous fashion, such as multiple linear regression, were unable to be used because of the inability to transform the visual acuity data into a normal distribution. It will be important to continue to evaluate whether the relationship between adherence to patching and visual acuity differs by treatment, age at surgery, or adverse events as the IATS sample gets older.
It would be ideal to have the ability to monitor adherence to occlusion from the time of surgery through the assessment of grating acuity. Therefore, another limitation of these analyses was the maximum of three assessments of adherence, and the variation in number of assessments because of differences in age at surgery and because caregivers did not complete all scheduled assessments. The analyses were limited to participants with at least two adherence assessments and to the first three assessments because grating visual acuity had been assessed for the majority of participants by 9 months after surgery. An additional concern was related to the summary definitions of adherence that were chosen. The primary measure of adherence was the mean percentage of prescribed patching reported by caregivers at the three time points. This measure was weighted towards the early months after surgery since two of the time points were obtained in the first 3 months after surgery. The proportion of caregivers patching at least 75% of the prescribed time decreased from 67% at 2 months after surgery to 43% at 6 months. To the extent that adherence changes systematically over time, a summary measure could have been misleading. However, the use of an average had the advantage of being weighted towards the early period when there was less likelihood of reverse causality in which visual acuity influences adherence instead of the other way around. Additionally, there was support for the validity of the methodology used because of a strong association between the average amount of prescribed patching over the three time points and the number (i.e., all, some, never) of adherence assessments at which the caregiver reported achieving at least 75% of prescribed patching (r Spearman ¼ 0.85, p < 0.01). Further, the average amount of prescribed patching was highest among those who reported achieving at least 75% of prescribed patching on all assessments (X ¼ 112% 6 18.4%); intermediate among those who reported this level of adherence on some assessments (X ¼ 80% 6 16.2%); and lowest among those whose caregivers never reported achieving this level of adherence (X ¼ 40.1% 6 17.2%). The amount of patching reported by caregivers may have overestimated the true amount of patching. 15, 16 An attempt was made to minimize concerns that parents would report what they thought clinicians wanted to hear; this was done by having the assessments completed centrally rather than within the clinical context and by asking caregivers to provide the specific times that the patch was worn. These methods are used successfully to assess dietary intakes [17] [18] [19] and adherence to patching in other studies. 20, 21 Thus, the results discussed in this article have shown that caregivers, particularly of pseudophakic infants, who adhered better to clinicians' advice about patching during infancy, had children with a better vision outcome at 12 months of age compared with those who had relatively poorer adherence. However, the absolute amount of patching achieved by caregivers may not be valid.
In summary, the results suggested that adherence to occlusion therapy in the first 6 months after cataract surgery was associated with visual acuity at 12 months of age. Further, the data suggested that implanting an IOL in infants with unilateral congenital cataracts did not substantially affect the amount of time that infants are patched in the first 6 months following surgery, and that differences in patching were not likely contributors to the observed similarity between treatment groups in grating visual acuity at 12 months of age. 9 Continued following of these children will be important to see whether or not there are changes in the relationship between treatment and patching during the second year of life when patching often becomes more difficult.
